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1. Tit la of Invention 



NROM CELL WITH SELF -ALIGNED PROGRAMMING AND 

ERASURE AREAS 



Z. Claims 



1. A nitride programmable read only memory (NROM) cell 
comprising: 

a channel; 

V/o diffusion areas on either side of said channel, each 
diffusion area haying a junction with said channel; 

an oxide-nitride-oxide (ONO) layer at least over said 

: - \ • * * • ■ 

channel; 

a poiysilicon gate at least above said ONO layer; 
a pocket implant self-aligned to at least one of said 
junctions; 

at least one area of hot electron injection within said ONO 
layer and over said pocket implant; and 

at (east one area of hot hole injection generally self-aligned 
to said at least one area of hot electron injection. 

2. A cell according to claim 1 and wherein said pocket implant is a 
single pocket implant- . , 

3. A ceil according ta claim 1 and wherein said pocket implant is a 
double pocket implant 
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4- A method of erasing an MROM cell having a channel, two diffusion 
areas on either side of said channel, each diffusion area having a 
junction with said channel, an oxide-nitride-oxide (ONO) layer at least 
over said channel, a pocket implant seif-aligned to at least one of said 
junctions and at least one area of hot electron injection within said 



ONO layer and over said pocket implant, the method comprising the 
steps of: 

generating holes at me intersection of one of said junctions, 
its neighboring pocket implant and a portion of said ONO layer 
near said junction; 

accelerating said holes along the surface of said channel; 



and 



injecting said holes close to the area of electron injection. 
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3. Detailed Description of Invention 



FIELD OF THE INVENTION 

The present, invention relates to FLASH, electrically erasable, 
programmable read only memory (EEPROM) and nitride, programmable read 
only memory (NROM) cells in general. 

BACKGROUND OF THE INVENTION 

Dual bit cells are known in the art although they are not common. 
Some dual bit cells have multiple threshold voltage levels, where every two 
threshold voltage levels together store a different bit Others store one bit on 

* - - ! -"-_ ■ 1 " 

either side of the ceH. A dual bit cell of the latter kind, known as nitride, 
programmable read only memory (NROM) cell, is described in ^Applicant's 
copending US patent application 08/905,286, entitled "Two Bit Non-Volatile 
Electrically Erasable And Programmable Semiconductor Memory Cell Utilizing 
Asymmetrical Charge Trapping" which was filed August 1, 1997. The 
disclosure of the above-id enttfied application is incorporated herein by 

reference, 

"-■•■'/ 2 3 

Figs. 1A, t8 and *€, to which reference is now made, schematically 
illustrate the dual bit NROM cell. The cell has a single channel 100 between 
two bit lines 102 and 104 but two separated and separately chargeable areas 

■ . .. • t-3 ■ 

106 and 108. Each area defines one bit. For the dual bit cell of Figs. the 
separately chargeable areas 106 and 108 are found within a nitride layer 110 
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formed in an owde-nrtride-oxfde sandwich (layers 109, 110 and 111) 

underneath a polysiltcon layer 112. 

To read the left bit, stored in area 106, right bft line 104 Is the drain and 

. left bft line 102 te the source. This is known as the "read through* direction, 

indicated by arrow 113. To read the right bit, stored in area 108, the cell re read 

in the opposite direction, indicated by arrow 114. Thus, left bit line 102 is the 

drain and right bit line 104 is the source. 
2 

Fig. generaJly indicates what occurs within the cell during reading of 
the left bit of area 106. An analogous operation occurs when reading the right 
bit of area 108. 

To read the left brt in area 106, the left bit line 102 receives the source 
voltage level V 3 , typically of OV, and (he right brt line 104 receives the drain 
voltage V d , typically of 2V. The gate receives a relatively low voltage V 9 , which 
typically is a (ow voltage of 3W v 

The presence of the gate and drain voltages V g and V/4, respectively, 
induce a depletion layer 64 and an Inversion layer 52 in the center of channel 
100. The drain voltage V d is terge enough to induce a depletion region 55 near 
drain 104 which extends to the depletion layer 54 of channel 100. This is 
known as "barrier lowering" and it causes "punch-th rough" of electron* from the 
inversion layer 52 to the drain 104. The punch-through current is only minimally 
controlled by the presence of charge In right area 108 and thus, the left bit can 
be read irrespective of the presence or absence of charge in right area 108. 

Since area 108 is near left bit line 1 02 which, tor this case, acts as the 
source (i.e. low voltage level}, the charge state of area 106 will determine 
whether or not the Inversion layer 52 is extended to the source 102. If electrons 
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ar trapped in left area 10S, then the voltage thereacross will not be sufficient to 
extend inversion layer 52 to the source 102 and M 0" will be read. The 
opposite is true if area 106 has no charge. • ^ 

Like floating gate cells, the cell of Figs tA and tfi is erasable and 
programmable- Thus, the amount of charge stored in areas 106 and 108 can 
be controlled by the user. 

For NROM cells, each bit is programmed in the direction opposite that 
of its reading direction. Thus, to program left bit In area 106, left bit fine 102 
receives the high programming voltage (I.e. te the drain) and right bit line 104 is ' 
grounded (i.e. (s the source). Thte is shown m Fig. t€. The opposite Is true for 
programming area 108. 

. ' The high programming voltage pulls electrons from the source 104. As 
the electrons speed up toward the drain 102, they eventually achieve enough 
energy to "jump" into the nitride layer 110. This Is known as "hot electron . 
injection* and it only occurs in the area close to the drain 102. When the drain 
voltage is no longer present, the oxide layer 109 prevents the electrons from 
moving back into the channel 100. 

The bits are erased in the same directions that they are programmed. 
However, for erasure, a negative erasure voltage is provided to the gate 112 
and a positive voltage is provided to the bit line which Is to be the drain. Thus, 
to erase the charge in left area 1 08, the erase voltage is provided to left bit line 
102. The highly negative erase voltage creates an electric field in the area near 
the left bit line 102 which pulls the electrons stored In the area close to the 
drain. However, the electric field Is strong only close to the drain and thus, the 
charge in right area 108 ts not depleted. 

' . ■■*■ « ('.","' * * * .**'., 

' " " • * . . ' • ' ■ - , J 
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Typically, programming and erasure are performed with pulses of 
voltage on the drain and on the gate. After each pulse, a verify operation 
occurs in which the threshold voltage level of the cell (i.e. the gate voltage level 
at which the cell becomes conductive) is measured. During programming, the 

■ - " . " • 

threshold voltage level Vtp is steadily increased so that the cell will not pass any 
significant current during a read operation. During erasure, the opposite ia true; . . 
the threshold voltage level Vte is decreased until a significant current is present 
in the cell during reading. 

Unfortunately, multiple erase and programming .cycles change the 

. ■. ■ . • • . '.- • • • . ■ ' - • * 

number of pulses needed to achieve the desired threshold voltage levels. For •/' 1 ... 

the pulses, either the voltage level can remam constant and the number of 

pulses can be increased or the voltage level can be increased until the desired 

threshold vottage level is achieved. 

The cel| will no longer be considered functional once the gate voltage 

required tor erasure is too negative and/or the number of programming pulses 

is reduced to one. 

■■ 4- s 6 : v 

Figs. 2A, and 2£ present experimental results of multiple 
programming and erase cycles, on log-linear charts. In this experiment, the 
gate voltage level for erasure was increased, as necessary, and the cell ceased 
to function after 20,000 cycles: 

Fig. graphs the programming and erase threshold voltage levels for - 
both bits. Curves 60 and 62 illustrate the programming threshold voltage levels 
for the left and right bits, respectively, where the threshold voltage level tor the 
■ right bit is measured in the forward (and not the reverse) direction Curves 64 
and 66 illustrate the erase threshold vottage levels for the left and right bits, 
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respectively.. It is noted that all curves remain relatively constant until about 
. 2000 cycles at which point the threshold voltage levels increase. It is also 
noted that the programming threshold voltage level for the left bit, read in the 
reverse direction, is significantly higher than that for the right bit. However, the 
erase threshold voltage levels of each bit are smaller than their programming 
threshold voltage levels. 

Fig. 28 illustrates the read current Ir after programming (curve 70) and 
after erasure (curve 72). Both currents decrease strongly after about 4000 ' 
. ' cyctes. ■'- 

6 ... : -■ ..• . .. ■ . 

Fig. 36 illustrates the number of programming pulses (curve 74) and 
the gate voltage during erasure (curve 76). The number of programming pulses 
drops to one and the gate voltage drops from ~6V to -9V after about 3000 
'/■ cycles. . , • . ' • 
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SUMMARY OF THE INVENTION 

There . is therefore provided, in accordance with a preferred 
-.- ,/...' embodiment of the present invention, an NIROM cell which has an 
oxide^nitride-o^ide layer over at least a channel and a pocket implant 
self-aligned to at least one bit line Junction. The ceil also Includes at least one 
area of hot electron injection within the ONO layer and over the pocket implant 
and at least one area of hot hole injection generally self-aligned to the area of 
* hot electron injection, ". ;"• 

Additionally, in accordance with a preferred embodiment of the present 
invention, the pocfcet implant can be a single, or a double pocket implant. 

There is also provided, in accordance with a preferred embodiment of 
• the present invention, a method of erasing an NROM cell. The ceil includes a 
channel, two diffusion areas on either side of the channel, each diffusion area 
having a junction with the channel, an oxide-nitride-oxide (ONO) layer at least 
over the channel, a pocket implant self-aligned to at least one of the junctions 
and. at least one area of hot electron injection within the ONO layer and oyer the 
pocket implant The method comprising the steps of generating holes at the 
intersection of one of the junctions, Its neighboring pocket implant and a portion 
of the ONO layer near the junction, accelerating the holes along the surface of 
the channel and injecting the holes close to the area of electron injection. 
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DETAILED DESCRIPTION OF THE PRESENT INVENTION 

* Applicant believes that a significant source of the breakdown of the cell 

is charge trapped far from the relevant drain junction, which charge is hard to : 

7A 7B 7C 7J> 
erase. This is shown in Figs. 3A, 3B; 3€ and 3©, to which reference is now ; 

made. / 
Figs. show the charge stored in right area 108. of the nitride layer as a 

: 7A 

function of distance along the channel for one cell. Fig. 3A shows that, after the 
first cycle of programming, a significant amount of charge, labeled 80, is stored 
dose to the right bit line, which is the drain for programming and erasure. As 
one moves away from the drain, the amount of charge reduces, eventually to 
zero. Fig. 38 shows the amount of charge, labeled 82, left after the first erase 
cycle. The erase electric field is typically so effective that ft removes extra 
electrons (more than were present in charge 80) such that section 82 is positive 
while section 80 is negative. Section 82 is thus, hatched, to indicate that it is 
positively charged. 

7C 7Z) 7A 7A 

Figs. 3£ and 3© parallel Figs. and 38, respectively, but for after 
20,000 cycles. After programming, there is a significant charge, fabefed 84. 
close to the drain, as in Fig. $A. However, there is also another section of . 
charge, labeled 86, further from the drain, which was injected far from the drain 
/unction and was not erased during previous erase cycles. After the 20,000* 

r ' . ' ■ " . - " 
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erase cycle, the extra section 88 still remains and is negatively charged, though ; 
the previously programmed section 84 has become positively charged section 
88. . .". . • ' ' - . . ' 

As can be understood from the above discussion, the diffused charge, 
rh section 86, is not erased during erasure operations and remains trapped - 
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there. Trapped charge 86 acts as partially programmed charge. It is due to 
trapped charge 86 that the fewer and fewer programming pulses are required to 
achieve the programmed threshold voltage level (since the fait is already, In 
effect partially programmed) and that more and more erasure pulses are 
required to achieve the erase threshold voltage level (since trapped charge 86 
is not rernovad). 

Furthermore, the trapped charge S6 affects the reverse read (curves 60 \ 
4 

: and 64 of Fig. 2*) but not the forward read (curves 62 and 66), which is why the 
two sets of curves are so different The negative charge far from the source 
affects the reverse read since the forward read punches through the region 
under the trapped charge 86. 

Applicant believes that the buildup of trapped charge 86 occurs due to. 
slow hot electron programming in the areas away from the drain where the 
lateral electric field, though smaller, still is enough to inject electrons. Trapped 
charge 86 is not erased since the erase electric field is only strong enough to 
erase in the areas very close to the drain. 

Applicant has realized that, to reduce the charge trapping 'far from the 
bit line Junctions, the field far from the junctions must be reduced. However, 
ihis field reduction should not adversely affect the programming efficiency, 
Thus,. the high field must be produced near the bit line junction only. 

■ 8A SB 

Reference is now made to Figs. 4A and 48 which illustrate ah NROM 
cell, constructed and operative in accordance with two preferred embodiments 
of the present invention. Rgs. 4A and *B are similar to Figs. 4 and thus, similar 
reference numerals refer to similar elements. Reference is also made to Figs. 
"5A and 38 which are graphs of the lateral channel field and the distribution of 

■ - • . 1 : ' : - i ' : io ; ■ • - : • " [ •• ■ : .. 
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channel potential, respectively, for the NROM cells of Figs, 4A and 48 and for a 

poor art NROM cell. 

The NROM cell comprises the channel 100 between the bit lines 102 

and 104, the oxide-nitride-oxide sandwich of layers 109, 110, 111, respectively, 

and the polysillcon gate 1 12. A blanket threshold implant is usually present in 

the channel, though not shown specifically. In addition, in accordance with 

preferred embodiments of the present invention, the NROM cell comprises 

either one or two extra implants self-aligned to each the Junction of each bit line 

&A &8 
with the channel 100. Ftg. 4A shows a Boron Implant 120 and Fig. 4fi shows 

. . ■ - . " • . ■ • ■ _ ■ ■ ~ '. ■ . . ' . 

Boron implant 120 with a Phosphorous implant 122. 

* The Boron implant 120 is designed to have a maximum concentration 

near the bit line 102 or 104 while the Phosphorous implant 122 is designed to 

have a maximum concentration away from the bit line 102 or 104. 

The single pocket implant of Boron 120, in the embodiment of Fig. 

Increases the threshold voltage level and, correspondingly, the lateral field, of. 

the cell m the area near each bit line. Since Boron creates holes and 

Phosphorous creates free electrons, the combined profile, in the embodiment 

of Fig. 46, is the difference of the two concentrations throughout the channel. 

Thus, the "double pocket" implant heightens the lateral field near the bit lines 

102 and 104 but significantly reduces the lateral field In the rest of the channel 



100. 



In both embodiments, the implants are used to shape the lateral 



channel field so that it is high only close to the bit line Junction and so that it 
drops significantly thereafter. Th)s Is shown In Figs. 5* and 58 which graph of 
the channel field and potential, respectively, versus the location along the 
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channel 100 for the right bit, for both embodiments and for the prior art For 
these figures, the left bit tine acts as the source and the right bit line acts as the 
drain. Position 130 is the location of the maximum concentration of Boron and 
position 132 is the location of the maximum concentration of the Phosphorous 



implant, if present 



In each Figure, three curves are shown. For Fig 



curve 134 



indicates the lateral field with only a blanket threshold Vt implant, curve 136 
Indicates the lateral field with a single pocket implant, and curve 138 indicates 
the lateral field with the double pocket implant. 

■ . ■ _ . * 

As can be seen in curve 134, when only a blanket Vt implant is present, 
the lateral fieid gently increases In the direction of the drain Junction. Similarly 
for the lateral field of a cell with a single pocket implant, except that, as shown 
in curve 136, the field is lower throughout most of the channel, increasing 
significantly in the vicinity of the Boron implant, near the drain junction. In fact, 
near the drain junction, the cell with the single pocket implant has a stronger 
lateral field than the cell with no pocket implants (curve 1 34). 

For the double pocket Implant, as seen in curve 138, the lateral field 
has a sharp dip 139 in the vicinity of the maximum concentration 132 of the 
Phosphorous implant and increases sharply toward the drain junction. It is 



noted that the lateral field is higher near the drain for the double implant than 
for either the single implant or no implant. _ 

Similarly, for the channel potential of Fig. 58. Curve 140 graphs the 
potential for an N ROM cell without no implants, curve 141 graphs the potential 
of a cell with the single pocket implant and curve 142 graphs the potential cf a 
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cell with the double pocket implant. The channel potential starts at the QV of 
the source and drops towards the negative Vd of the drain for all embodiments. 

With the double pocket implant, the drain voltage is present only tn the 
very dose vicinity of the drain (curve 142) For the single pocket implant (curve 
141), the drain voltage is spread over a slightly larger area near the drain while 
for the cell of no implants {curve 140), the drain voltage is spread over a 
significant area away from the drain. 

As indicated by Figs. 5A and SB, the single and double pocket implants 
maintain the effect of the drain voltage (high lateral field and strongly negative 
voltage level) in the vicinity of the drain. For the double pocket implant, there is 
a sharp drop-off away from the drain. 

For both embodiments, the generally thin area of effect forces the 

8A a«S 83 

programmed charge to remain in a thin area of the nitride 110 (Figs. 4). This 
improves programming speed when programming this' bit Furthermore, since 
the programmed charge is maintained in an area near the drain, the erase 
voltage generally removes all of the charge for this bit The thin area of effect 

also ensures effective punchthrough when reading the 'other* bit. 

/0 ;;. 

Reference is now made to Fig. « which tffustrates the threshold voltage 
level throughout the cefl after implantation. As can be seen, the threshold 

■ ~ - ■ - ■ i 

voltage level is low (labeled 150) throughout most of the channel with peaks 
152 near the bit line junctions 102 and 104. The height and width of the peaks 
152 is a function of the number of implants (one or two) and the locations of 
maximum concentration of the implant or implants. In general, the general 
threshold voltage level 150 is at a low level, of about TV. while the peaks 152 
reach a much higher level, such as about 2V. 
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